The Exhaust Detritiation System (EDS) is one of the key safety related systems which allows operation of the JET machine. Its role is to detritiate the exhaust gases in case of an accident and to minimise the tritium release to the environment. EDS has also been used on JET during the last three years for maintenance purposes. During the main phase of the deuterium-tritium experiment (DTE1), the EDS was the final stage for detritiation of gases coming from the Torus vessel. There is a regulatory requirement to prepare an "Engineering Substantation" of key safety related systems. Although this requirement applies to EDS when dealing with accidental tritium releases, it has been possible to investigate the efficiency of the system by analysing the experimental data obtained during maintenance. In 2000, during the shutdown, campaign measurements on EDS have been performed to determine its efficiency on a daily basis.
INTRODUCTION
The Exhaust Detritiation System (EDS) serves two main functions. The first one is to detritiate any waste gas streams arising from the operation of the Active Gas Handling System (AGHS).
The second one is to provide a positive air flow in the JET torus to prevent the escape of tritium in the event of an accident, such as a loss of vacuum accident (LOVA) or an in-vessel loss of coolant accident (LOCA).
The use of EDS for collection of tritiated exhaust gases is important in meeting the ALARP principle. The design detritiation factor (DF) was 1,000.
EDS is a conventional tritium removal system with two discrete sections: the recombiners and the dryers. The detritiation is achieved by catalytic conversion of hydrogen isotopes and hydrocarbons in hot recombiners to vapour water and by trapping water on dry molecular sieves.
The incoming gases enter a filter in which particles bigger than 5 microns are removed and then pass through a condenser to remove ambient humidity. The incoming gas then enters a twostage heat exchanger where the temperature is initially raised to 150˚C and passes through the first recombiner. At this temperature the hydrogen isotopes are converted into water using a catalyst. The second stage of the heat exchanger raises the temperature of the gas to 500˚C. At this temperature, in the second recombiner, tritiated compounds such as methane will be oxidised to form water. After passing back through the heat exchanger, the gas passes through another cooler to remove some of the water vapour. The second section consists of three identical dryer units. Each dryer unit has a molecular sieve bed, a cooler, a blower and a heater. In adsorption mode the gas carrying the tritiated water vapour passes through the molecular sieve, where the water is absorbed by the 5Å molecular sieve. The detritiated gas then passes out of the dryer into a common outlet manifold. Depending on the mode of operation, the dry gas may then be recirculated back through the recombiner and dryer or it may be discharged to the monitored stack of the J25 building.
EXPERIENCE TO DATE
The JET facilities have been operating for a number of years. The principal experimental campaign using tritium was DTE1 (1997) when tritium operating experience has been gained. Figures 1   and 2 [1] present the building discharges through the stack during the different phases of DTE1.
After AGHS commissioning, the DTE1 campaign started in May 1997. At the end of May, tritium-generated neutral beams were run for the first time in the JET Octant 8 Neutral Injector Box (NIB8). At the beginning of June, the campaign was stopped due to a water leak in the NIB8. At this time a total of 11.4g of tritium had been supplied to the box. It was then decided to ventilate the NIB to allow workers to repair it. Initially NIB4 and NIB8 were vented with nitrogen and pumped to the EDS. The NIBs were then vented with air and pumped to the EDS. During all this time the EDS blower supplied the necessary underpressure at a flow-rate of 450m 3 /h and the dryers were permanently detritiating the air streams. All three dryers were used in consecutive service. Each dryer had to be regenerated as often as possible, but at least once per day. One of the ED blowers eventually failed to work due to a bearing problem. With only two dryers the regeneration times of the wet dryer had to be minimised, the purge flows were reduced from 450 to 250m The detritiation factor (DF) of the EDS can be defined by the ratio of the tritium activity (In) entering the system and the tritium oxide activity (HTO for aerial discharge) exiting by the J25 stack. The tritium activity is measured at the inlet and outlet of the EDS by ionisation chambers (IC). The problems encountered with such sensors are as follows:
• the sensitivity depends on total pressure, the carrier gas composition and the flow-rates;
• the IC signal can suffer "memory effects", caused by retained tritium;
• a saturation can appear at high tritium concentrations which can occur at the EDS inlet IC at the very first stage of the venting of the vessel;
• tritium concentration is too low to be measured which is sometimes the case for the outlet IC when the EDS is performing well.
It is thus difficult to determine the detritiation factor from the IC signals. To obtain the DF it was decided to determine the inlet tritium activity (In) by adding the water activity collected (W) and the tritium oxide aerial discharge (HTO) and by using the relation:
During the NIB repair the DF on average over two months was 123 which is very low compared with the design value of 1000. Concerning the amount of tritium released to the environment, the stack discharges for this period remained under 3% of the site authorisation limits (25TBq for HT and 20TBq for HT). So we cannot exclude the possibility that some discharges were voluntary vented directly to the stack, by not using the EDS. It is difficult to determine which part of the aerial discharges can be attributed only to the EDS. At the very beginning of the pumpdown of the vessel, tritium was released into the AGHS building and coincided with an observed pressure peak in the dryer circuit undergoing regeneration. It was found that non-return valves on the dryer circuit were rated at a too high pressure and this induced an overpressurisation of the circuit and consequently pressurised the active drain tank and caused tritium releases within the J25 building. New non-return valves with a lower operating pressure were installed a few weeks later in order to prevent such an event. The total duration of RTE was 4 months from the beginning of February to May 1998. During this period EDS collected 6921 litres of water containing 1.97g (701TBq) of tritium. Table 1 presents the weekly J25 aerial discharges obtained by tritium stack monitors. It was possible to discriminate between HTO and HT releases. The fourth column gives the total tritium discharges (A). The integrated tritium activity collected in the drain tank by the EDS is displayed in column five and the following one provides the weekly tritiated activity (W). In the last column, the detritiation factor DF defined by the relation above is obtained for each week when possible. Twice it was necessary to average this quantity over 3 weeks because of a spurious W value for the first week of April and a missing W value for the third week of May. The last line of the table gives the total values for the whole period and the averaged detritiation factor. Almost half of the water drain activity was collected during the very first week of the campaign (312 of 701TBq). The following weeks (see Fig 3) until mid-March the detritiation factors are below 500. This can be explained by the overpressurisation encountered. The tritium releases into J25 were directed to a building stack and contributed to the decrease in the DF.
From mid-March to the beginning of May, DF values are around 1,000 with a maximum value of 1,710. After this period, one can note a decrease of the detritiation factor. Over these 16 weeks, the average detritiation factor is only 601 and this can be attributed to the problem previously described.
THE 2000 EXPERIMENTAL CAMPAIGN
At the beginning of 2000 the JET torus was vented via EDS. It was then decided to take the opportunity to determine the EDS efficiency on a daily basis by using tritium samplers. Each tritium sampler is composed of two bubblers mounted in series. One bubbler can trap 90% of tritium and does not permit discrimination between elemental tritium forms (T 2 , HT, DT) and oxidised forms (HTO, ….).
The first tritium sampler was positioned at the inlet of the EDS before the two recombiners, the second one was installed between the recombiners and the three dryers. The third sampler was sampling air at the outlet of the EDS. Most of the time similar measurements were obtained with samplers 1 and 2. Table 2 The detritiation factors are calculated here on the assumption that all tritium entering the system is only in oxidised form. This assumption is reasonable because the remaining tritium trapped within the torus vessel had enough time to convert in HTO (JET torus was under air atmosphere since the end of December 1999). The daily DFs range between 60 and 70,000.
After measurement analysis, it can be demonstrated that often two dryers were used during sampling periods (see column 5 of Table 2 displaying number of dryers used).
Over ten measurements, on four occasions the DF was above the design value 1,000 and twice was well above this value, which corresponds to the fact that only one dryer was used during the 24 hours sampling time. When two dryers are used during sampling, because the first needs to be regenerated, it appears that the efficiency of this dryer strongly decreases with time.
In addition, when switching on the second drier, stable conditions at a very low dew-point (-90ºC) are only obtained after one hour. It was noticed that a given dryer can remain in good condition for at least 30 hours. After this period the dryer temperature starts to rise and consequently its efficiency strongly deteriorates. Only twice, at the very beginning of the campaign, were measurements performed with uniform dryer temperature.
It was then decided to reduce the sampling period to a few hours to be sure that only one dryer will be used with stable conditions. The detritiation factors (see Table 3 ) are all above 1,000 and range between 5,000 and 80,000. This analysis demonstrates that when the EDS is used for only a few hours with a dryer set up with the right conditions (very low dew-point),
detritiation of exhaust gases can be achieved satisfactorily with a decontamination factor greater than the one used in the JET Safety Case (1,000). 
CONCLUSION
In the last few years, the EDS has been intensively used on the JET Facility. During two major interventions it met its design objective to vent tritium coming from the torus without significant tritium release. During the first intervention for the NIB8 repair, tritium released was well below the authorised limit. The average detritiation factor during this two month campaign was only 123. This low value can be explained by valve problems which allowed some tritium releases which bypassed the EDS.
For the second important intervention, the Remote Tile Exchange (RTE), just after the first Deuterium-Tritium Experiment DTE1, values of DF have been obtained on a weekly basis.
At the very beginning of the RTE campaign detritiation factors were low, indicating a poor efficiency of the EDS which can be attributed to a technical problem. After repair, the detritiation factor reached values closer to the design value of 1,000. Over the whole period, the average DF was just over half the design value.
At the beginning of 2000, during shutdown, detritiation measurements have been performed a daily basis with tritium samplers over a few hour period. It is shown that when a simple drier is used to detritiate exhaust gases from the torus, good detritiation can be achieved. For instance detritiation factors well above 1,000 can be reached during a 6 hours period. This last campaign demonstrates clearly that EDS can perform its safety function. In order to improve the capability of EDS for future uses, we propose to change the tritium monitors (ionisation chambers) by more reliable sensors. A tritium monitor [2;3] has been developed at JRC ISPRA in recent years.
This new monitor, based on scintillating fibres for measuring the activity of tritium in its gaseous form, does not suffer from the drawbacks mentioned previously for ionisation chambers. Installing such monitors will allow the operator to track on-line the tritium evolution within the system over a wide range of concentration. Because the time response is fast and the tritium memory is very low, more accurate quantitative measurements will be obtained. This information will be displayed in the tritium plant control room and will be useful for operators to determine if deviations occur in the facility. Analysing the DF signal on-line will also allow the operators to react more promptly and therefore will contribute to reducing the tritium release to the environment.
